Abstract. Samples of pure phase CuAlO 2 and transition metal element Fe doped were synthesized by solid phase sintered method. The phase structure, optical properties and miscellaneous phase formation mechanism were characterized by X-ray diffraction (XRD) and Infrared Spectroscopy (IR) respectively. The results of XRD show that the product was really pure p-type transparent conductive oxide CuAlO 2 . Samples containing a small amount of CuO mixed phase may be caused by block reaction environment. IR spectroscopy results show that the transmittance of the sample was declined with the increasing of the iron-doped concentration. Doped samples have more than one absorption peak is the result of mixed substitution.
Introduction
Transparent conductive oxide (TCO) are widely used in field of photoelectric devices such as solar cells, flat-panel display, electroluminescent devices and special features window coating for its features such as good electrical conductivity, high transmittance of visible light and infrared reflectivity and the stronger microwave attenuation [1] [2] [3] [4] [5] . But the actual application of TCO mostly is n-type semiconductor and p type content is less. This hinders the research and development of transparent photoelectric device TCO to set up on the basis of the p-n knot semiconductor. So far, the electrical conductivity of p-type CuAlO 2 materials is still low contrast with common n TCO and it gives a bigger challenge in research and development of p type CuAlO 2 [6] [7] [8] . So far, many researchers used different methods to prepare CuAlO 2 polycrystalline materials. Using Al 2 O 3 and Cu 2 O as raw material, Ishiguro [9] ultimately prepared CuAlO 2 polycrystalline at 1200 ˚C in air. Gao [10] obtained CuAlO 2 polycrystalline by solid phase reaction of Cu 2 O and Al 2 O 3 at 1100 ˚C in nitrogen atmosphere. Ma Tao [11] prepared low infrared absorption CuAlO 2 polycrystalline under 1200 ˚C by sol gel method. Doped-Fe CuAlO 2 were prepared by solid-phase and the infrared spectral characteristics of the sample were studied in the article.
Experimental
CuAl 1-x Fe x O 2 semiconductors were synthesized by solid state reaction. Reactant materials Cu 2 O, Al 2 O 3 and Fe 2 O 3 were weighed according to standard stoichiometric ratio. Then the reactants were put into the anhydrous ethanol. The mixed solutions were fully milled by using ball mill for 24 h. After that, the samples were put in high temperature furnace for pre-sintering after dried. Sintered powders were ball milled again. All powders were sintered at 1200 ˚C for 10 h after dried. The CuAl 1-x Fe x O 2 powders of different doping proportion were obtained after cooled. The phase composition of powders samples were characterized by using DX-2000 X-ray diffraction. To research optical property of powders samples, the Infrared Spectroscopy were carried on the NEXUS670 type infrared spectrometer.
Results and Discussion
The result of CuAlO2 powder sintered at 1200 ˚Cfor 10 h is shown in the Fig.1 . It can be found that the sample is CuAlO 2 by the comparison and analysis of XRD patterns of the sample and CuAlO 2 (PDF 35-1401) standard spectrum. It can be seen that the sample has CuAlO 2 and CuO two crystalline phases from the Fig.1 . CuAlO 2 is the main phase which the diffraction intensity is stronger and content is more. CuO is an intermediate product which the diffraction intensity is weak and content is less. The emergence of a small amount of CuO mixed phase may be the result of the reaction between Cu 2 O and oxygen, or intermediate part decomposed into Cu 2 O at high temperature, and then Cu 2 O combined with residual oxygen in the process of cooling crystallization [12] . This is a foundation for the production of Fe-doped CuAlO 2 powders.
The infrared spectrum test results of CuAlO 2 powder is shown in the which can be known that the sample contains the structure of AlO 6 . The strength value of A is weaker than those of B and C. The vibration absorption peak is caused by a bond between Cu + and Al 3+ , from which can be known a sample that each O 2-ions associated with 4 cation around it (3 Fe 3+ and 1 Cu + ) constituting a quasi-tetrahedral structure. In addition, the strongest infrared transmittance of sample can reached 65%.
The measured infrared spectrum is shown in Fig.3~6 where the concentration of the mixed Fe were 2.5%, 5%, 7.5% and 10% respectively. Comparing with the infrared spectrum of pure CuAlO 2 , the wavelength of characteristic peak of mixed iron has a downward trend. The number of absorption peaks is one more than the pure sample. ), which a sample that each O 2-ions associated with four cations around it constituting a quasi-tetrahedral structure. The characteristic peak wavelengths of doped samples with concentration increasing are showed different trends. This shows that absorption of CuAlO 2 in the infrared region will have been affected by doping. In addition, from the four pair of infrared spectra can be seen that infrared light transmittance of samples has a downward trend with the concentration increasing of Fe. Therefore, the influence of Fe-doped concentration on transmittance is negative.
Conclusions
Using Al 2 O 3, Cu 2 O and Fe 2 O 3 as reactive material, delafossite structure of high purity CuAl 1-x Fe x O 2 polycrystalline material, were prepared by the solid phase. It is shown that the product is really CuAlO 2 polycrystalline by XRD test. The emergence of a small amount of CuO mixed phase may be produced by the reaction of Cu 2 O and oxygen. It is shown that CuAl 1 -x Fe x O 2 containing AlO 6 functional groups and a quasi-tetrahedral structure constituting by O 2- ions and it was surrounded four cationic in the sample by IR spectra, which have a major contribution on the optical properties of CuAl 1-x Fe x O 2 samples. CuAlO 2 has a high transmittance in infrared light, but the transmittance of samples was declined with the doping concentration increasing.
